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TITLE
REACTION CHAMBER OF AN EPITAXIAL REACTOR
DESCRIPTION
The present invention relates to a reaction chamber of an epitaxial reactor.

Epitaxial reactors are machines designed for depositing monocrystalline or
polycrystalline layers of a material smoothly and evenly on substrates; the
substrates thus treated are then used for manufacturing electric deviées (e.g. solar
cells), electronic devices (e.g. MOSFETs and LEDs) and microelectronic devices

(e.g. integrated circuits).

The substrates consist of very thin discs (their thickness being typically in the
range of 100 pm to 1'500 um) having a widely variable diameter (typically
between 1”=25mm and 18”=450mm), and they can be made, for example, of
silicon [SI], silicon carbide [Si1C], germanium [Ge], gallium arsenide [GaAs],

aluminium oxide or sapphire [A1203], or gallium nitride [GaN].

The materials deposited are typically conducting or semiconducting materials, e.g.
silicon [Si], silicon carbide [SiC], germanium [Ge],- gallium arsenide [GaAs],

aluminium nitride [AIN], gallium nitride [GaN].

The deposited layer.and the underlying substrate may be made of identical or

different materials.

The thickness of the deposited layer may range extensively from a few nanometres
to several millimetres; when the thickness of the deposited layer exceeds 1 mm,

the deposition process is generally called “bulk growth”.

Known epitaxial reactors comprise a reaction chamber generally consisting
essentially of a hollow quartz piece; said hollow quartz piece comprises a quartz
piece section having the shape of a cylinder or a prism or a cone or a pyramid and
an axial through hole; said quartz piece section is adapted to define, according to

two of three directions, a reaction and deposition zone and to house at least one
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susceptor to be heated inside the axial through hole; the susceptor is used for

supporting, and often also for heating, the substrates.

There are many types of reactors; depending on the type, the chamber may be
arranged vertically or horizontally (seldom obliquely); depending on the type, the
susceptor may have the shape of a disc, prism, cylinder, pyramid or cone, and may
be either solid or hollow; depending on the type, the susceptor may be heated by
means of resistors, inductors, lamps (seldom by internal burners); depending on
the type, the reactor may be a “cold-wall” or “hot-wall” reactor (these terms
referring to the walls that define the space where reaction and deposition take

place).

Processes are carried out in epitaxial reactors at high temperatures, i.e. ranging
from several hundreds of Celsius degrees to a few thousands of Celsius degrees
(e.g. deposition of polycrystalline silicon typically occurs at temperatures between
450°C and 800°C, deposition of monocrystalline silicon on silicon substrates
typically occurs at temperatures between 850°C and 1°250°C, deposition of
monocrystalline silicon carbide on silicon substrates typically occurs at
temperatures between 1°200°C and 1°400°C, deposition of monocrystalline silicon
carbide on silicon carbide substrates typically occurs at temperatures between
1°500°C and 1°700°C for the so-called “epitaxial growth” and at temperatures
between 1°’900°C and 2°400°C for the so-called “bulk growth™), and they require
much energy (tens of KW) for heating; therefore, it is important to avoid that the

generated thermal energy is dissipated into the environment.

To this end, it has been a common practice for many decades to apply a thin (less
than 100pm) layer of gold-based material to the outer surface of the reaction
chamber of epitaxial reactors; such gold layer is obtained through a certain
number of painting and drying cycles (it is not easy to obtain a smooth, even and
non-porous layer), and it reflects well the infrared radiations emitted by the

susceptor.

In those epitaxial reactors where the susceptor is the main element used for

heating the substrates (e.g. in induction heating epitaxial reactors), a proper
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reflection leads to a small difference in temperature between the front side and the

back side of the substrates during the growth processes.

One drawback of this solution is that after some time (e.g. a few months) the gold
layer detaches from the quartz surface of the reaction chamber — the hotter the
quartz surface, the faster the gold layer will detach, also because the thermal
expansion of gold is greater than that of quartz; this phenomenon is even more
rapid if the reaction chamber is cooled by means of a gas flow (which is quite
common), also because of the mechanical action exerted onto the layer by the gas
flow; besides, this phenomenon is further promoted by any traces of acids

remaining on the surface of the reaction chamber from previous wash cycles.

The detachment of the gold layer leads to an increased electric power consumption
by the epitaxial reactor, since a part of the infrared radiations emitted by the

susceptor is dissipated into the environment.

Moreover, the irregular and uneven detachment of the gold layer also causes a

reduction in the quality of the grown substrates.

It follows that, when said detachment occurs, it is necessary to dismount the
reaction chamber from the epitaxial reactor, remove the gold layer (already partly
detached) completely, apply a new gold layer and reinstall the reaction chamber
into the epitaxial reactor; these operations are costly and time-consuming, and can

only be carried out a limited number of times.

The general object of the present invention is to overcome the above-mentioned

drawbacks.

This and other objects are achieved through the reaction chamber having the
features set out in the appended claims, which are intended as an integral part of

the present description.

After having taken into consideration several alternative solutions, the Applicant
had the idea of providing the reaction chamber with a reflecting layer made of a
material being compatible chemically (with equal or similar chemical properties,

e.g. resistance), mechanically (with equal or similar mechanical properties) and
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thermally (with equal or similar thermal properties, e.g. CTE [Coefficient of

Thermal Expansion]) with the material of the reaction chamber.
The Applicant decided to employ a quartz-based reflecting material.

This solution also allows to reach a reflection similar to that of the gold layer used
in the prior art (e.g. a reflection of 70-90%, or even more, of the incident

radiation).

This approach opens the way to a more flexible, effective and efficient positioning
of the reflecting layer in relation to the reaction chamber and susceptor, as will

become apparent later on.

In general, the reaction chamber of an epitaxial reactor according to the present
invention essentially consists of a hollow quartz piece; said hollow quartz piece
comprises a quartz piece section having the shape of a cylinder or a prism or a
cone or a pyramid and an axial through hole provided in said quartz piece section;
said quartz piece section is adapted to define, according to two of three directions,
a reaction and deposition zone and to house at least one susceptor to be heated
inside said axial through hole. The chamber according to the present invention
further comprises a reflecting layer adapted to reflect back infrared radiations
emitted by said susceptor in the wavelength range between 1'000 nm and 10'000
nm, preferably between 1'500 nm and 3'000 nm; said reflecting layer is made of a
quartz-based material and is applied to said quartz piece section and/or to a quartz

component of said reaction chamber.

Said reflecting layer may be located on the inside and/or on the outside of said

quartz piece section.
Said reflecting layer may cover partially or entirely said quartz piece section.

Said reflecting layer may be covered partially or entirely by a layer of vitrified

quartz,
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Said quartz piece section may be provided with another reflecting layer adapted to
reflect back infrared radiations emitted by said susceptor; said other reflecting

layer is made of a gold-based material.
Said reflecting layers may cover said quartz piece section in distinct areas.
Said quartz piece section may be made of transparent quartz.

The chamber according to the present invention may comprise flanges located at

the ends of said hollow quartz piece; said flanges are made of opaque quartz.

The chamber according to the present invention may be adapted to be cooled by

means of at least one gas or liquid flow.

According to a further aspect, the present invention also relates to an epitaxial

reactor comprising a reaction chamber having any of the features set out above.

The present invention will now be described in detail with reference to the

annexed drawings, wherein:

Fig.l  shows three different views of a first reaction chamber according to the
prior art (Fig.1 A is a side view, Fig.1B is a top view, Fig.1C is a front view),

Fig.2 is a side view of a second reaction chamber according to the prior art,

Fig.3 1is a side view of a third reaction chamber according to the prior art,

Fig.4 is a side view of a fourth reaction chamber according to the prior art,

Fig.5 shows three different sectional views of a first embodiment of the
reaction chamber according to the present invention (Fig.5A is a side view,
Fig.5B is a top view, Fig.5C is a front view) — the chamber of Fig.5
corresponds to the chamber of Fig.1 with the addition of technical features in
accordance with the present invention, and

Fig.6  is a sectional side view of a second embodiment of the reaction chamber
according to the present invention — the chamber of Fig.6 corresponds to the
chamber of Fig.4 with the addition of technical features in accordance with the

present invention.

Said description and said drawings are only to be considered as non-limiting

explanatory examples; additionally, they are both schematic and simplified.
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Fig.1 illustrates a reaction chamber of an epitaxial reactor, essentially consisting
of a hollow quartz piece; said hollow quartz piece comprises a quartz piece section
1 having the shape of a prism (with rounded longitudinal corners) and an axial
through hole 2 provided in the section 1; the section 1 is adapted to define,
according to two of three directions (i.e. width and height — see Fig.1C) a reaction
and deposition zone 3 (not highlighted in Fig.1) and to house at least one
susceptor (not shown in vFig. 1) to be heated inside the hole 2; the hole 2 has a
rectangular cross-section (with rounded corners) corresponding to the cross-
section of the section 1, so that the section 1 is a tube with walls having a

substantially constant cross-section.

The chamber of Fig.1 is adapted to be arranged horizontally, to house a disc-
shaped susceptor, to be associated with induction heating means, and to be used in
a “cold-wall” reactor (wherein the temperature of the hollow quartz piece section
1 does not exceed 400-600°C during the epitaxial growth processes, and is

therefore much lower than that of the susceptor).

Fig.2 shows a reaction chamber of an epitaxial reactor essentially consisting of a
hollow quartz piece; said hollow quartz piece comprises a quartz piece section
having the shape of a cylinder and an axial through hole obtained in said section.
In this case as well, similarly to the case of Fig.1, the hollow quartz piece section
is adapted to define, according to two of three directions, a reaction and
deposition zone (having a cylindrical shape) and to house at least one susceptor
(having a cylindrical shape) to be heated inside the hole; the hole has a circular
cross-section corresponding to the circular cross-section of the quartz piece
section, so that the quartz piece section is a tube with walls having a constant

cross-section.

The chamber of Fig.2 is adapted to be arranged horizontally, to house a cylindrical
susceptor with suitable thermal insulation means, and to be associated with

induction heating means.

The chamber of Fig.2 comprises two flanges located at the ends of the hollow

quartz piece.
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Fig.3 shows a reaction chamber of an epitaxial reactor which is very similar to the
one illustrated in Fig.2, the only substantial difference being the absence of any
flanges; furthermore, the chamber of Fig.3 is adapted to be arranged vertically,

even though it has been drawn horizontally in this figure.

Fig.4 shows a reaction chamber of an epitaxial reactor consisting essentially of a
hollow quartz piece; said hollow quartz piece comprises a first quartz piece
section 11 having the shape of a cylinder and a second quartz piece section 19
having the shape of an upside-down rounded funnel, joined to the first section 11
(together, the sections 11 and 19 make up a single quartz piece, the horizontal
dashed line of Fig.4 being only used for indicating the boundary between the two
sections); there is also an axial through hole 12 obtained in the first section 11
(which extends into the second section 19 as well, but with a different cross-
section); the first section 11 is adapted to define, according to two of three
directions (i.e. two horizontal directions perpendicular to each other) a reaction
and deposition zone 13 (not highlighted in Fig.4) and to house at least one
susceptor (not shown in Fig.4) to be heated inside the hole 12; the hole 12 has a
circular cross-section corresponding to the circular cross-section of the first
section 11, so that the first section 11 is a tube with walls having a constant cross-

section; the overall shape of the chamber of Fig.4 is called “bell”.

The chamber of Fig.4 is adapted to be arranged vertically, to house a susceptor
having the shape of a truncated pyramid, to be associated with induction heating
means, and to be used in a “cold-wall” reactor (wherein the temperature of the
hollow quartz piece section 1 does not exceed 400-600°C during the growth

processes, and is therefore much lower than that of the susceptor).

The chamber of Fig.4 comprises two flanges 17 located at the ends of the hollow

quartz piece.

Fig.5 shows a disc-shaped susceptor 4 mounted on a vertical shaft 8 by which it is
supported and turned; the susceptor 4 has some moderate recesses (in particular
five recesses) on its top face, which recesses are adapted to accommodate
substrates to be subjected to epitaxial growth; the shaft 8 passes through a circular

hole obtained in one of the chamber walls (sealing means are used which are not
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shown in this drawing); this figure also clearly shows the reaction and deposition
zone 3; it should be noted that neither the susceptor 4 nor the shaft 8 are parts of

the chamber.

The chamber of Fig.5 differs from that of Fig.1 in that it comprises a reflecting
layer 5 adapted to reflect back infrared radiations emitted by the susceptor 4 in the
wavelength range between 1'000 nm and 10'000 nm, preferably between 1'500 nm
and 3'000 nm; the reflecting layer 5 is made of a quartz-based material and is

applied to the section 1.

The thickness of the reflecting layer S is typically in the range of 0.5 mm to 1.5

mm, being preferably about 1 mm.

The reflecting layer 5 can be obtained through the following process:

- a semiliquid slurry having a high content (e.g. more than 80% and less than
95%) of dispersed amorphous quartz particles (the dispersion liquid may be water
or, for example, alcohol) is applied to the transparent quartz reaction chamber,
and

- the slurry thus applied is dried, and

- the dried slurry is hot sintered.

In this manner it is possible to obtain a layer which is capable of reflecting, on
average, 70-90% (or even more) of the infrared radiations (within the above-
mentioned wavelength ranges and per unit of covered surface) that hit the layer; it
should be pointed out that the layer’s reflection degree is strongly affected not
only by the process used for obtaining the reflecting layer, but also by how the
process is carried out (e.g. with reference to the process described above, by the

manner in which the mixture is applied).

In the example of Fig.5, the reflecting layer 5 is located on the outside of the
section 1 and covers it for slightly less than 50%, in particular at the upper half;
alternatively, the coverage may be total or almost total, e.g. 75-95% (or even

more).
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It is important that the reflecting layer covers the quartz section in areas located
near the susceptor. In the frequent case wherein the susceptor is arranged in a
central zone of the quartz section, it is important that the reflecting layer covers
the quartz section in one or more central areas. In the case of the example of Fig.
5, the reflecting layer may, for instance, be arranged vertically above and/or under
the susceptor 4; in addition, areas along the sides of the susceptor 4 may be
covered with a reflecting layer as well; of course, extending the reflecting layer
beyond the above specifications can only be advantageous for the purposes of the

present invention.

In the example of Fig.5, the section 1 is also provided with another (optional but
advantageous) reflecting layer 6 adapted to reflect back infrared radiations emitted
by the susceptor 4; the reflecting layer 6 is made of a gold-based material, in

particular a gold paint; the thickness of the reflecting layer 6 is less than 100 pm.

In the example of Fig.5, the reflecting layer 6 is located on the outside of the

section 1 and covers it for slightly less than 50%, in particular at the lower half.

In the exémple of Fig.5, the layers 5 and 6 never overlap, i.e. they cover the quartz

piece section in distinct areas.

Although it may appear from this figure that there is an uncovered area of the
outside surface of the section 1, this is only because the drawing is a diagrammatic
one; in fact, according to the present invention it is preferable that the entire
surface of the quartz piece section is covered with a quartz and/or gold reflecting
layer, in order to limit as much as possible the dissipation of thermal energy into
the environment; therefore, it could be necessary to leave some small windows

uncovered, e.g. for reading temperature values with a pyrometer.

As far as cooling is concerned, the lower half of the chamber of Fig.5 is cooled by
means of a liquid flow, typically water (in particular, it is immersed into a tub full
of water), whereas the upper half is cooled by means of a gas flow, typically air;

of course, different arrangements and combinations are possible as well.
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The reflecting layer 5 may be covered partially or entirely by a layer of vitrified
quartz; the thickness of said vitrified layer may typically be in the range of 0.5

mm to 1.5 mm.

The reflecting quartz layer and the overlapping vitrified quartz layer can be
obtained through the following process:

- a semiliquid slurry having a high content (e.g. more than 80% and less than
95%) of dispersed amorphous quartz particles (the dispersion liquid may be water
or, for example, alcohol) is applied to the transparent quartz reaction chamber,
and

- the slurry thus applied is dried, and

- the dried slurry is hot sintered, and

- the sintered slurry is vitrified superficially to a predetermined depth only,
e.g. through a flame or a laser beam;
of course, enough slurry will have to be applied as necessary for making both the

reflecting quartz layer and the vitrified quartz layer.

The vitrified layer protects the underlying reflecting layer from both the chemical
and mechanical points of view; it follows that, when a very good quality layer is
made, it will also be possible to locate the reflecting layer on the inside of the
hollow quartz piece section, thus further limiting the amount of thermal energy

dissipated into the environment.

The chamber of Fig.5 also comprises two flanges 7 located at the ends of the

hollow quartz piece, in particular of the section 1.

The section 1 is made of transparent quartz, in particular quartz being transparent

to visible light as well as to infrared light.

The flanges 7 are made of opaque quartz, in particular quartz being opaque to
visible light as well as to infrared light (i.e. not allowing it to pass through, thus

partly reflecting it and partly absorbing it).

Fig.6 shows a susceptor 14 having the shape of a truncated pyramid; the susceptor

14 is supported and turned by suitable means not shown in this drawing; the
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susceptor 14 has some moderate recesses (not shown) on its side faces, which
recesses are adapted to accommodate substrates; this figure also clearly shows the
reaction and deposition zone 13; finally, it should be noted that the susceptor 14 is

not a part of the chamber.

The chamber of Fig.6 differs from that of Fig.4 in that it comprises a reflecting

layer 15 adapted to reflect back infrared radiations emitted by the susceptor 14 in
the wavelength range between 1'000 nm and 10'000 nm, preferably between 1'500
nm and 3'000 nm; the reflecting layer 15 is made of a quartz-based material and is
applied to the section 11; the reflecting layer 15 partially extends over the section

19 as well.

The layer 15 of Fig.6 has the same features as the layer 5 of Fig.5, and can be

obtained in the same manner.

In the example of Fig.6, the reflecting layer 15 is located on the outside of the
section 11 and covers it entirely; furthermore, it also extends partially over the
section 19; alternatively, the coverage may be almost total, e.g. 75-95% (or even

more) of the quartz section (11).

It is important that the reflecting layer covers the quartz section in areas located
near the susceptor. In the frequent case wherein the susceptor is arranged in a
central zone of the quartz section, it is important that the reflecting layer covers
the quartz section in one or more central areas. In the case of the example of Fig.
6, the reflecting layer may, for instance, be arranged horizontally beside the
susceptor 14 for all or almost all (e.g. 80-90%) the vertical extension thereof; of
course, extending the reflecting layer beyond the above specifications can only be

advantageous for the purposes of the present invention.

As far as cooling is concerned, the chamber of Fig.6 is only cooled by a gas flow,

typically air.

The chamber of Fig.6 also comprises two flanges 17 at the ends of the hollow
quartz piece, in particular at the lower end of the section 11 and at the upper end

of the section 19.
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The section 11 and the section 19 are made of transparent quartz, in particular

quartz being transparent to visible light as well as to infrared light.

The flanges 17 are made of opaque quartz, in particular quartz being opaque to

visible light as well as to infrared light.

In the two embodiments described herein with reference to Fig.5 and Fig.6, the
reflecting quartz layer is applied to a section of the hollow quartz piece consisting
essentially of the reaction chamber. As an alternative or in addition, according to
the present invention the reflecting quartz layer may be applied to a quartz
component of the chamber for the purpose of reflecting back infrared radiations
emitted by the susceptor; for example, in the case of Fig.5 a quartz component
consisting of a holed disc having a reflecting quartz layer could be provided inside

the zone 3 under the susceptor 4.

It is apparent from the above description that the reflecting layer may be

positioned in many different ways.

Mainly, reaction chambers like those described herein are advantageously used

and comprised in epitaxial reactors.

dhkkktk



10

15

20

25

WO 2010/058269 PCT/IB2009/007505
13

CLAIMS

1. Reaction chamber of an epitaxial reactor consisting essentially of a hollow
quartz piece; wherein said hollow quartz piece comprises a quartz piece section (1;
11) having the shape of a cylinder or a prism or a cone or a pyramid and an axial
through hole (2; 12) provided in said quartz piece section (1; 11), wherein said
quartz piece section (1; 11) is adapted to define, according to two of three
directions, a reaction and deposition zone (3; 13) and to house at least one
susceptor (4; 14) to be heated inside said axial through hole (2; 12), said chamber
being characterized in that it comprises a reflecting layer (5; 15) adapted to reflect
back infrared radiations emitted by said susceptor (4; 14) in the wavelength range
between 1’000 nm and 10°000 nm, preferably between 1’500 nm and 3’000 nm,
wherein said reflecting layer (5; 15) is made of a quartz-based material, and
wherein said reflecting layer (5; 15) is applied to said quartz piece section (1; 11)

and/or to a quartz component of said reaction chamber.

2. Reaction chamber according to claim 1, wherein said reflecting layer (5;
15) is located on the inside and/or on the outside of said quartz piece section (1;

11).

3. Reaction chamber according to claim 1 or 2, wherein said reflecting layer

(5; 15) covers partially or entirely said quartz piece section (1; 11).

4. Reaction chamber according to claim 1 or 2 or 3, wherein said reflecting

layer is covered partially or entirely by a layer of vitrified quartz.

5. Reaction chamber according to any of the preceding claims from 1 to 4,
characterized in that said quartz piece section (1) is provided with another
reflecting layer (6) adapted to reflect back infrared radiations emitted by said
susceptor (4), wherein said other reflecting layer (6) is made of a gold-based

material.

6. Reaction chamber according to claim 5, wherein said reflecting layers (5, 6)

cover said quartz piece section (1) in distinct areas.
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7. Reaction chamber according to any of the preceding claims from 1 to 6,

wherein said quartz piece section (1; 11) is made of transparent quartz.

8. Reaction chamber according to any of the preceding claims from 1 to 7,
characterized in that it comprises flanges (7; 17) located at the ends of said hollow

quartz piece, wherein said flanges (7; 17) are made of opaque quartz.

9. Reaction chamber according to any of the preceding claims from 1 to 8§,
characterized by being adapted to be cooled by means of at least one gas or liquid

flow.

10.  Epitaxial reactor characterized in that it comprises a reaction chamber

according to any of the preceding claims from 1 to 9.

*hkkxkik
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